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Abstract - A limnological investigation was carried out in order to understand the physical -chemical limnology
with particular reference to the ionic regime of the medium (Devikund Sagar Bikaner). A general trend of anions
was recorded as HCO3 > C1 > SO4 > CO;. On annual mean basis. it was found that bicarbonates were the major
(213 mg/l) and chlorides. carbonates. and sulphates were the minor anions (57-76 mg/1). Among cations. the trend
was recorded as Na 2 Ca > K > Mg depicting that sodium and calcium were the major cations
(annual mean 54-55 mg/I). With the slight difference in annual average, the concentration of sodium and calcium
ions was almost at par. Further, while during winter and monsoon the sodium was greater than calcium, a reverse
condition prevailed during summer. The Pearsall's cationic ratio Na + K)/(Mg + Ca) was calculated as 1.045 which
indicated low trophy as compared to some other waters of the region.

l. Introduction

Desert limnology is best defined in terms of hydrography and limited to regions where no
run off reaches the sea. Surface waters in the hot deserts are scarce and stressed resources. These
are prone to harsh environmental conditions and are therefore, characteristic in their physical,
chemical and biological features. Wide daily and seasonal thermal variations. better illumination,
closed shallow basins, high evaporative loss leading to concentration of electrolytes, characteristic
ionic composition and long dry periods are the common features experienced by such waters. These
typical biotopic features are responsible for characteristic community of both plants and animals in
these ecosystems.
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Two main groups of arid land waters have been identified and named. Sodium chloride
waters, similar to concentrated ocean brine or brackish waters (best described as dilute sea water)
are called thalassohaline. Other quite different from sea water in relative ionic content are called
athalassohaline (Cole, 1979). Most of the waters in the Indian desert belong to latter category.

The present study was planned to investigate the ionic regime of a typical desert water
ecosystem and its dynamics in relation to time and space under the influence of environmental
conditions.

1. Material and Methods

The study was carried out on Devikund Sagar Pond situated about 5km east of the Bikaner
city in the western arid region of Rajasthan. The study was carried out during December 2014-
November 2015. The maximum depth of the pond is 3.5 m. The pond having muddy basin has
much disturbance due to human and cattle activities in littoral region. The pond is surrounded by
brick walls on three sides while, southern part acts as catchment. The pond is used for washing and
bathing by village people and daily a number of tankers on bullock and camel carts are filled and
transported from here. It causes great disturbance in shallow water regions. The clay at the pond
bottom is used for brick making on the bank sides of the pond. The colour of water is sandy and no
macrophytes other than hydrilla are present. Some birds including Debchicks and Black Winged
Stilts are seen wading in the pond.

Water samples were collected from four study stations. The sampling was carried out during
morning hours between 0.600 and 11:30 hours. The samples were collected with the help of a
plastic bucket of 15 | capacity, and were transferred to well rinsed polyethylene bottles for the
analysis of physical and chemical parameters!. The sample bottles were brought to the laboratory
on ice. The samples were kept in deep freeze until analyzed. Abiotic parameters monitored included
air and water temperature, depth, transparency, pH, electrical conductance (EC), total dissolved
solids (TDS), dissolved oxygen (DO), total hardness, total alkalinity, carbonates, bicarbonates,
chlorides, sulphates, sodium, potassium, calcium and magnesium. Among cations sodium,
potassium, calcium and magnesium were studied. First two cations were estimated by flame
photometry while latter titrametrically.

Depth, transparency, temperature, pH, EC, TDS, DO and alkalinity were assessed on the spot.
Factors like temperature, pH, EC and TDS were analyzed with the aid of a portable water analyzer
kit (Century : CK 710). Transparency was recorded with the help of a standard Secchi disc of 20 cm
diameter. For the analysis of various chemical variables, the methods as prescribed by Strickland &
Parsons (1972), Golterman et al.(1978) and APHA-AWWA-WPCF (1981) were followed.

I11. Results & Discussion

Table 1 provides data on physical-chemical limnology of the pond. Table 2 projects the
correlations among various physical-chemical variables of the water.

No natural water is pure in true sense but it always contains certain amount of salts
dissolved in it. The common salts include carbonates, bicarbonates, chlorides, sulphates, phosphates
and nitrates of calcium, magnesium, sodium, potassium, iron and manganese. These salts on
dissociation yield both cations and anions. The significant cations are sodium, potassium, calcium
and magnesium while anions are carbonates, bicarbonates, chlorides and sulphates.
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High ionic concentration is characteristic of desert waters and high rate of evaporation is
noted as one of the major factors responsible for it (Cole, 1968). Among Indian waters too, the
desert waters are, in general, richer in electrolytes as compared to those of central India and other
benign parts (Patil et al., 1985; Unni, 1985, Singh & Rai,1988; Kaushik & Saksena, 1995). Similar
observations have also been made by Saxena (1998) who summarized the physical-chemical
conditions of surface waters in the Indian desert. The values presented by him for various
parameters are comparable with the present records.

Relative ionic concentrations are not uniform in all desert waters. Many factors contribute
and affect the chemical composition, which, obviously, include the interrelationships of
temperature, precipitation, evaporation, basin sediments, nature of influent water, lithology of the
drainage basin and biotic effect. The dilute lakes of Victoria (Australia) are largely sodium waters
with relatively high chloride content.

Williams (1964) has reported the following relative ion abundance: Cl > CO; > SO4 and Na
> Mg > Ca> K. A precisely same abundance trend of ions was reported by Jakher et al. (1990) in
closed basin Didwana lake of Rajasthan and somewhat similar trend by Olsen & Sommerfeld
(1977) in a desert lake in Arizona ( C1 > HCO;>S04; Na> Mg >Ca > K).

In present study, a general trend of anions was observed as HCO3 > C1 > SO4> CO3, which
is in precise concomitance with the findings of Mittal(1996) and Chadha (1999) from the same arid
region of Rajasthan. Bicarbonates in excess of chlorides were also recorded by Gianesella Galvao
& Arcifa (1988) in ten Brazilian reservoirs and by Kaushik & Saksena (1995) in some central
Indian lakes. While accounting for major and minor anions on annual mean basis, it was found that
bicarbonates were the major (213 mg/I) and chlorides, carbonates and sulphates were the minor
anions (52 75.5 mg/l). Chadha (1999) also recorded bicarbonates as major anions, however, in her
study chlorides too were not less.

Among cations, the trend was recorded as Na > Ca > K > Mg depicting that sodium and
calcium were the major cations (annual mean 53-54 mg/1) while potassium and magnesium were
the minor cations (annual mean 17-19 mg/1). Most of the studies on desert waters reveal sodium in
excess of calcium (Williams, 1964; Olsen & Sommerfeld,1977 ; Gianesella Galvao & Arcifa, 1988;
Jaker et al., 1990), while in some of the studies calcium is reported in excess of sodium (Wetzel,
1975,Haan & Voerman, 1988 in winter; Kaushik & Saksena, 1995, Mittal, 1996; and Chadha,
1999). Present records show that with the slight difference in annual average, the concentration of
sodium and calcium ions was almost at par. Further, while during winter and monsoon the sodium
was greater than calcium, a reverse condition prevailed during summer.

The selection of Pearsall's (1922) cationic ratio (Na + K)/(Mg + Ca) was a somewhat
subjective attempt to incorporate information on the major cations into the concept of trophic state
without adding each cation as an individual indicator. Shannon & Brezonik (1972) felt that this
ratio should be inversely related to increasing eutrophy as many workers have found a general
correlation between high productivity and Ca and Mg concentration. Although seldom used, this
ratio was suggested by Zafar (1959) as potentially effective in differentiating lake trophic type.
Shannon & Brezonik (op. cit.) found the cationic ratio to be a reasonably good trophic indicator
with high values of inverse ratio ( 1/CR) indicative of eutrophic condition in Florida lakes. During
present study the cationic ratio was calculated as 1.045 and inverse cationic ratio 1/CR) as
0.95.Saxena & Chadha (2002) applied the Pearsall's cationic ratio as an index of trophy in some
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Indian desert waters. They found the 1/CR to range from 2.887 to 3.732 in order of increasing
trophy. In this light the present ratio indicates low trophy in the concerned village pond.
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Table 1. Physical-Chemical Variables of the Water of Devikund Sagar Pond, Bikaner
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EC( 0 1 0 0 0 1 0 0 0 0 0 0 0
mm .
hos) 6 6 4 6 9 4 8 2 1 3 1 2 6
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factors
Table 2. Correlation coefficient among various abiotic
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